Refractory spinel peridotites were drilled during Leg 125 from two diapiric serpentinite seamounts: Conical Seamount in the Mariana forearc (Sites 778-780) and Torishima Forearc Seamount (Sites 783-784) in the Izu-Ogasawara forearc. Harzburgite is the predominant rock type in the recovered samples, with subordinate dunite; no lherzolite was found.
INTRODUCTION
Detailed bathymetric maps have enabled scientists to recognize many topographic highs in the forearc regions along the Izu-Ogasawara (=Bonin>Mariana trench (Fig. 1 ) within 20 to 120 km of the trench axis. A large number of conical topographic highs with bases ranging from 20 to 50 km have been identified along the Mariana forearc region (Fryer et al., 1985; Fig. 2) and also along the Izu-Ogasawara forearc where they are less densely distributed (Taylor and Smoot, 1984; Fig. 3) . Some of the topographic highs in the Mariana and Ogasawara forearcs have been studied by Bloomer (1983) , Bloomer and Hawkins (1983) , Ishii (1985a) , Fryer and Fryer (1987) , Ishii et al. (1989a) , Sakai et al. (1990) , and Fryer, Pearce, Stokking, et al. (1990) , who concluded that these topographic highs originated from serpentinite diapirs derived from the upper part of the mantle wedge.
More than 50 conical topographic highs are also found in the Mariana forearc region. One of these highs (Conical Seamount) was drilled at Sites 778, 779, and 780, Leg 125 (Table 1) . Several conical topographic highs are also found in the Izu-Ogasawara forearc region. One of these highs (Torishima Forearc Seamount) was drilled at Sites 783 and 784, Leg 125 (Table 1) .
Here, we report the geochemical and petrological characteristics of the peridotites drilled from the Conical and Torishima forearc seamounts ( Table 2 ). As mentioned above, several studies have been carried out on the serpentine diapiric seamounts in the Izu-Ogasawara-Mariana forearc. However, these include few chemical analyses of minerals. A large number of chemical analyses, including rare earth elements of constituent clinopyroxenes, are reported here. These data are compared with data of other peridotites dredged from the inner trench wall (Bloomer and Hawkins, 1983 ) and used to discuss the origin of the peridotites.
SAMPLE LOCATIONS
The present arc-trench gap is 150 to 200 km wide in the Mariana Island arc region. More than 50 topographic highs are scattered along the forearc within 120 km of the trench axis (Fryer and Smoot, 1985) . These seamounts are conical in shape, are 10 to 30 km in diameter at their bases, and are 500 to 2000 m high. Conical Seamount (19.5° N), which is 15 km in diameter at the base and 1100 m in height from the base, is located about 80 km west of the trench axis (Table 1 ). The crest of the seamount is 3100 m below sea level (Fig. 4) . SeaMark II, Alvin submersible, and seismic reflection studies revealed that the seamounts were formed by the protrusion of unconsolidated serpentine mud flows and debris (Fryer et al., 1990) . A number of serpentinized ultramafic rocks were recovered from Alvin dives and dredges by the Atlantis II (Saboda et al., 1987; Fryer et al., 1990) .
Sites 778, 779, and 780 are located (Fig. 4) on Conical Seamount (Fryer, Pearce, Stokking, et al., 1990) . Site 778 (Hole 778A) is situated about halfway up the southern flank of the seamount, at a water depth of 3913.7 m. Hole 778A was drilled to a depth of 107.6 meters below seafloor (mbsf) with 21% recovery. Site 779 (Holes 779A and 779B) is situated about halfway up the southern flank of the seamount, at a water depth of 4947.2 m. Penetration was successful to a sub-bottom depth of 317.2 m at Hole 779A, which had an average recovery of 22.9%. Site 780 (Holes 780A-780D) is situated on the west-southwest side of the seamount summit. Hole 780C was drilled to a depth of 163.5 mbsf with 9% recovery.
The present arc-trench gap in the Izu-Ogasawara island arc region is about 200 km wide. At the southern end of this arc system, the Ogasawara Islands (27° N), which are a type locality of boninite, are located midway between the volcanic front and the trench axis (Fig. 1) . hi the middle of the arc (31°-33°N), in the Torishima and Hachijojima region, several topographic highs were observed to the west of the Ogasawara Trench axis within 20 to 40 km of the trench (Fig. 3) . These seamounts are conical in shape, are 10 to 40 km in diameter at their bases, and are 500 to 2000 m high. Drilling was carried out on the Torishima Forearc Seamount (Table 1) during Leg 125 (Fryer, Pearce, Stokking, et al., 1990) .
Torishima Forearc Seamount (30.9° N) is located about 145 km northeast-east of Torishima ("tori" means bird and "shima" means island in Japanese) and 40 km west of the trench axis. This seamount is 30 km in diameter at its base and 1400 m high from its base. The crest of the seamount is 3750 m below sea level ( samples, including basement rocks of basic and ultrabasic composition, were recovered by dredging during a Hakuho Maru KH87-3 cruise (Ishii et al., 1989a) . Lithologic descriptions of dredge samples and other information are given in the preliminary report of the KH87-3 cruise (Kobayashi, 1989) . Horine et al. (1990) conducted detailed seismic reflection profiling and gravity modeling studies on the seamount and indicated that the forearc near the seamount is composed of low-density material (serpentine) that extends as deep as the décollement (see fig. 14B , p. 14, in Horine et al, 1990) .
Sites 783 and 784 are located on Torishima Forearc Seamount (Fryer, Pearce, Stokking, et al., 1990; Fig. 5) . Site 783 (Hole 783A) is situated on the northern, midflank part of the seamount, at a water depth of 4648.8 m. Hole 783A was drilled to a depth of 168.2 mbsf. The average core recovery was 27.9%, although the average recovery of serpentine-bearing core (120.0-158.6 mbsf) was lower (24.3%). Site 784 (Hole 784A) is located on the lowermost western flank of the seamount. One hole was drilled (Hole 784A) to a sub-bottom depth of 425.3 m with a recovery of 51.3%, but the average recovery of serpentine-bearing core (321.1-425.3 mbsf) is less, about 25.6%. (Fryer et al., 1985) . C = Conical Seamount and P = Pacman Seamount. Area shown is indicated in Figure 1 .
ANALYTICAL METHODS
Chemical compositions of minerals were determined with an ARL Model SEMQ electron probe microanalyzer (EPMA) at the Department of Mineral Sciences, Smithsonian Institution, using the approach of Jarosewich et al. (1980) based on that of Bence and Albee (1968) . Analyzed minerals include chromian-spinel, olivine, and pyroxenes. More than 2000 analyses were obtained from 53 relatively fresh samples (Table 3 ). Hornblendes were analyzed by a JEOL Model JCXA-733 EPMA at Ocean Research Institute, University of Tokyo, using the analytical method of Otsuki (1983) based on that of Bence and Albee (1968) .
In-situ analyses of diopsides for rare earth elements were carried out by N. Shimizu and K. M. Johnson with a Cameca Model JJVIS-3f ion microprobe at the Massachusetts Institute of Technology, using the approach of Johnson et al. (1990) based on that of Shimizu et al. (1978) . Wet chemical analyses of a small subset of the drilled peridotites were performed by H. Haramura for comparison with shipboard X-ray fluorescence (XRF) analyses (Table 4) .
ROCKS DRILLED FROM FOREARC SEAMOUNTS
Shipboard descriptions of recovered samples from each hole are given in the Initial Reports of Leg 125 (Fryer, Pearce, Stokking, et al ., 1990) . The lithologies of the recovered samples are summarized in Table 2 , based on shipboard investigations.
Conical Seamount
A total of about 653.5 m of "basement" penetration into the serpentinite body was achieved in the seven holes, 778A through 780D, in Conical Seamount. The recovered core (about 142.0 m; 21.7% of total penetration) consists of serpentine-derived soft sediments (74.1 m; 11.3%) and lithic clasts (67.8 m; 10.4%).
The recovered soft sediments mainly consist of clay-, marl-, silt-, and sand-sized serpentine showing phacoidal and sheared textures, and some convolute structures that contain various lithic clasts. The collected rocks (67.8 m total) include serpentinized harzburgite (50.5 m; 74.4% of the total rocks), dunite (10.9 m; 16.2%), metagabbro (2.85 m; 4.2%), metabasalt (2.75 m; 4.1%), metasediment (0.56 m; 0.8%), and others (0.22 m; 0.3%), including magnesite and calcite.
Torishima Forearc Seamount
A total of about 152.4 m of "basement" penetration into the serpentinite body was achieved in the two holes, 783Athrough 784A, in Torishima Forearc Seamount. The recovered core (about 40.12 m; 26.3% of total penetration) is composed of serpentine-derived soft sediments (29.5 m; 19.3%) and lithic clasts (10.3 m; 7.0%).
The soft sediments from the serpentinite body of the seamount consist of clay and silt-sized serpentine showing sheared phacoidal textures with vertical convolute bedding. The clasts include serpentinized harzburgite (8.5 m; 82.5%), dunite (1.7 m; 16.5%), metabasalt (0.05 m; 0.5%), and metasediment (0.05 m; 0.5%).
The relatively poor core recovery means that a significant portion of the stratigraphic section at all the sites in both the Conical and Torishima forearc seamounts was not sampled. The above-mentioned lithologic distributions (shown by length of recovered core in Table 2) can only give an approximate indication of the volume ratio of the 425.30 rocks that constitute the serpentinite seamounts. The lithologies resemble those of ophiolite sequences. The drilled rocks from both seamounts may have been part of ophiolite bodies which could be called "forearc proto-ophiolites" (Ishii et al., 1989b) . Moreover, we emphasize that no lherzolite was recovered in any of the holes.
About 53 peridotites were selected for detailed petrologic studies (Table 3) , 31 samples from Conical Seamount (24 harzburgites and 7 dunites) and 22 samples from Torishima Forearc Seamount (20 harzburgites and 2 dunites).
RESULTS

Petrography of the Harzburgites
Harzburgite is the predominant rock type in the peridotitic samples drilled during Leg 125; it makes up 76% of the lithic samples in the core. Dunite makes up the remaining 16%, the other 8% consisting of fragments of metabasic rock; no lherzolite was observed. Harzburgites constitute 80.7% of the 52.3 m of ultramafic rocks collected at Hole 779A in Conical Seamount and the rest are dunites. Some harzburgites show marked foliation and lineation, which are common features of ultramafic tectonites from ophiolites (Coleman, 1977) . Protogranular textures are common and Porphyroclastic textures also were observed. Some olivine and orthopyroxene grains have kinkbanding and/or bending and exhibit wavy extinction.
Most of these peridotites are serpentinized to an extent of 80% to 100%; lizardite, chrysotile, and a trace amount of antigorite are present. Serpentinized olivine and orthopyroxene commonly show mesh and bastitic textures, respectively. However, a few samples contain as much as 60% of relict minerals. On the basis of modal proportions of the constituent serpentine minerals, the serpentinized peridotites can be divided into two groups: lizardite and/or chrysotilerich serpentinite and antigorite-rich serpentinite (Fig. 6A) , which are the predominant and trace rock types in the serpentinites, respectively. X-ray diffraction (XRD) and optical observations indicate that the antigorite-rich serpentinite shown in Figure 6A also contains brucite, lizardite, and magnetite.
Primary minerals of the serpentinized harzburgite include forsterite, enstatite, chromian-spinel, ±diopside, and ± hornblende. Some olivine and orthopyroxene grains have kink-banding and/or bending and exhibit wavy extinction. Olivine with well-developed cleavages parallel to (100), (010), and (001) (= cleavable olivine, Kuroda and Shimoda, 1967 ) is also rarely observed (Fig. 6B ). This olivine can be produced by autometamorphism. Diopside in the studied harzburgites is primarily characterized by its small grain size (0.1-1.0 mm). It is rare (0%-2% in modal volume) in both seamounts, but several diopside grains normally can be recognized under the microscope in each thin section with careful observation. Diopside occurs as clots or patches at the margins of, as well as inside, enstatite. Diopside is also found between enstatite grains. These may represent the crystallization products from interstitial liquids and/or the products of subsolidus exsolution from enstatite. Some subhedral diopsides exhibit a smoky appearance and are a possible refractory phase. Very fine diopside (100) lamellae, some of which are deformed, also are common in the enstatite. Hornblende occurs rarely as small patches near the margins of enstatite in the samples from Torishima Forearc Seamount. This may have been crystallized from an interstitial liquid (not a refractory phase). The primary minerals of the serpentinized dunite are forsterite, chromian-spinel, and ± enstatite.
Bulk Chemistry of the Peridotites
Wet chemical analyses of peridotites were performed by Haramura on the same powders that were used for shipboard XRP analyses. As shown in Table 4 , the discrepancies between both analyses (given by the difference between the shore-based and shipboard analyses divided by the shipboard analyses) are small in the major elements (SiO 2 , MgO, FeO* [total Fe as FeO]), but large in the minor elements (A1 2 O 3 , MnO, etc). According to the shipboard analyses (Fryer, Pearce, Stokking, et al., 1990 , and see Appendix A), all peridotites from the serpentine diapirs have low concentrations of TiO 2 (trace), A1 2 O 3 (0.07%-1.01%), MnO (0.08%-0.17%), CaO (0.06%-0.86%), Na 2 O (trace), P 2 O 5 (trace), but have high values of in Mg/(Mg + Fe) (0.898-0.925), NiO (0.27%-0.36%), and Cr 2 O 3 (0.16%-0.41%). The compositional ranges of both A1 2 O 3 and CaO are narrow (Fig. 7) , but a large range of Mg/(Mg + Fe) (= Mg#) was observed (Fig. 7) . Possible reasons are discussed during our comparison of the chemistry of included relict minerals.
Chemistry of Primary Minerals in the Peridotite
For each sample about 10 to 20 analyses were performed by EPMA on chromian-spinel, olivine, pyroxenes, and hornblende in order to determine the extent of compositional variation.
Chromian-Spinel
Nearly all of the refractory peridotites contain some unaltered chromian-spinels, which seem to be the most resistant to serpentinization and alteration and commonly are the only original phase remaining in an otherwise totally serpentinized rock. Their chemical characteristics are shown in the Mg/(Mg + Fe 2+ )-Cr/(Cr + Al) ( Fig. 8 ) and Cr-Al-Fe 3+ (Fig. 9 ) diagrams, and representative compositions are listed in Table 5 . A full list of analyses is given in Appendix B.
Spinel compositions are sensitive indicators of temperature and bulk-rock composition and can be used as petrogenetic indicators in peridotites (Dick and Bullen, 1984) . Bloomer and Hawkins (1983) (Fig. 9A-9C ) and 0.02 to 0.07 for the Torishima Forearc Seamounts (Fig. 9D-9E ). Therefore, they are consistent with noncumulate peridotites.
The spinels exhibit an antithetic variation between Cr/(Cr + Al) (= Cr#) and Mg# (Fig. 8 ) similar to that reported for the ultramafic rocks from the Mariana Trench slope (Bloomer and Hawkins, 1983) and for ocean-floor basalts and peridotites (Dick and Bullen, 1984) . The Cr# ranges from 0.38 to 0.83 and from 0.45 to 0.68 for Conical and Torishima forearc seamounts, respectively. These ratios are greater than those for the noncumulate ultramafic rocks from the Mariana Trench (Bloomer and Hawkins, 1983) . We emphasize that the compositional range of the spinels is similar to that in the Troodos and New Caledonia ophiolites (see fig. 5 in Dick and Bullen, 1984) . According to the criteria of Bloomer and Hawkins (1983) , the spinels analyzed here can be interpreted as residual minerals in a highly refractory mantle peridotite associated with an island arc.
Olivine, Orthopyroxene, Clinopyroxene, and Hornblende
Constituent olivine in the examined rocks has a very restricted composition in Torishima Forearc Seamount (Table 6) (Fryer, Pearce, Stokking, et al., 1990) . Bathymetry in hundreds of meters.
content ranges only from 91.1 to 92.4 mol%, and averages 92.0 mol% (Fig. 10) . On the other hand, several rocks from Conical Seamount have more magnesian olivines, ranging up to Fo 94 , but with average ofFo 92 (Fig. 10) . Orthopyroxenes are enstatite with a very restricted range of Mg numbers from Eru^ 5 to En 925 (Table 7, Fig. 10 ), apparently in chemical equilibrium with coexisting olivine. However, the A1 2 O 3 and CaO content of orthopyroxene exhibits significant variation, ranging from 0.5 to 2.6 wt% and 0.4 to 0.8 wt%, respectively (partly because of fine diopside lamellae). Clinopyroxene has a restricted composition (Ca 4g 8 Mg 48 6 Fe 2 6 ) ( Fig. 10) . However, A1 2 O 3 content has a narrower and Cr 2 O 3 content a wider compositional range than orthopyroxene.
Hornblende is magnesian (Mg# = 0.93) and also has a restricted composition (Ca 30 Mg 6 5Fe 5 ) ( Table 8) .
Chemistry of Rare Earth Elements in Diopside
Because diopsides contain the highest concentrations of incompatible trace elements, including rare earth elements (REE) in spinel peridotites (Johnson et al., 1990) , the ion microprobe has been used to analyze REE (Lu-Ce; La not analyzed) of discrete diopsides in two thin sections of harzburgites from Conical and Torishima forearc seamounts (Table 9 , Fig. 11 ). The compositional range of the analyzed diopside is narrow (Mg# = 0.940-0.960).
Some light to middle rare earth elements (LREE to MREE) could not accurately be estimated because their concentrations are too low. Clinopyroxene REE patterns in this study are highly fractionated, and all analyzed samples exhibit continuous steep slopes from the heavy rare earth elements (HREE) to the MREE and LREE. However, they differ slightly between the two seamounts in their overall shape and degree of depletion, those from Conical Seamount being steeper than those for Torishima Forearc Seamount (Fig. 11 ). Those patterns are quite similar to those from the most depleted abyssal spinel peridotites reported by Johnson et al. (1990) from the Bouvet Fracture Zone near the Bouvet Hotspot in Southwest Indian Ridge (Fig. 11) . The REE concentrations in diopside from the forearc seamounts are however slightly lower than those of the abyssal peridotites (Fig. 11) .
DISCUSSION
Peridotites in the Forearc Region
The geological and petrological characteristics of the peridotites from Conical and Torishima forearc seamounts can be summarized as follows.
1. Both seamounts are of serpentinite composition derived from refractory spinel peridotite protoliths (Table 2) .
2. Forearc serpentinite seamounts on the scale of 20-to 50-km basal diameter are more abundant in the Mariana forearc ( Fig. 2 ) than in the Izu-Ogasawara forearc (Fig. 3 ) and lie within 20 to 120 km of the trench axis.
3. Harzburgite is the predominant rock type in the recovered peridotites with subordinate dunite; no lherzolite was found (Table 2) .
4. The characteristics of the harzburgites are as follows: a. They are diopside-free to sparsely diopside-bearing (0% to 2% in modal volume) harzburgites (Fig. 7 ) that appear to be residues from melt extraction events. This type of peridotite is called H-type (= harzburgite type) here.
b. Spinels in the harzburgites are chromian and have a large compositional range (Cr# = 0.38-0.83) (Fig. 8) .
c. Olivine and orthopyroxene in the harzburgite have very restricted magnesian compositions (Mg# = 0.92) (Fig. 10) .
d. Diopside REE patterns in the harzburgite are highly fractionated and exhibit LREE-depleted patterns with continuous steep slopes from the heavy to light REEs (Fig. 11) .
5. These peridotites have been interpreted as ultramafic rocks associated with island arc volcanism.
According to Bloomer and Hawkins (1983) , the noncumulate ultramafic rocks (excluding dunite) in the Mariana Trench slope range from diopside-free harzburgite to normal lherzolite, that is, the range of modal volume of diopside in the rocks is 0% to 9.8% (table 1 in Bloomer and Hawkins, 1983) . We term this type of peridotite LH-type (= mixture of lherzolite and harzburgite) here. Those samples were dredged at 19 stations (figs. 2, 3, and 4 in Bloomer and Hawkins, 1983) along the inner wall of the southern Mariana Trench, which can be divided into two parts, according to the characteristics of the collected samples and the geological setting. The refractory peridotites dredged from the lower and mid-slopes of the trench are of LH-type (table 1 in Bloomer and Hawkins, 1983) , and those dredged from the higher slopes of the trench, which are mainly from the serpentinite seamounts, are consistently H-type (table 1 in Bloomer and Hawkins, 1983) .
Several hundred mantle peridotites were dredged during the Atlantis II and Hakuho Maru cruises from Conical and Torishima forearc seamounts, respectively. However, no lherzolite was reported among those ultramafic rocks dredged, either in shipboard preliminary descriptions (one of the authors, T.I., participated on both cruises) or in laboratory observations (Saboda et al., 1987; Ishii et al., 1989a) . Mantle peridotites also were dredged from other forearc seamounts in the Mariana and Izu-Ogasawara areas, Pacman Seamount (19.25° N, "P" in Figs. 1 and 2) (Saboda et al., 1987) and Hahajima Seamount (26.30° N, "N" and "S" in Fig. 1 ) (= Ogasawara H805  H810  H815   D908  H910  H916  D922  H924  H926  H928  H930  D934  H936  D938  H942  H944  H946  H948  D950  H952  D954  H956  H958  H960  HO 10  D015  H020  H025  D030  HO35  H040 x,w -- 
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Paleo-Land in Ishii, 1985; and Ishii et al., 1981 and Ishii et al., ,1983 , but again lherzolite has never been reported.
The above-mentioned facts, together with the studies reported in this paper, indicate that the serpentinite seamounts located in the higher part of the Izu-Ogasawara-Mariana trench inner slope consist of H-type peridotites which contain no lherzolite. By contrast, the middle to lower part of the southern Mariana Trench inner slope comprises LH-type peridotites consisting of both lherzolite and harzburgite. However, the possibility exists that the harzburgites of LH-type peridotite were supplied from the forearc seamounts located on the upper part of the trench slope. Note that lherzolite was dredged only from the middle to lower part of the trench inner slope. If this is a general feature, it implies that all forearc seamounts contain more depleted peridotites than those in the lower part of the inner trench wall, as schematically shown in Figure 12 . Ishiwatari (1985) proposed a method for semiquantitative estimation of the degree of partial melting experienced by ophiolitic residual peridotites. This method is based principally on experimental results (Mysen and Kushiro, 1977; Jaques and Green, 1980) and assumes afertile lherzolitic source material. The degree of partial melting can be estimated using bulk-rock chemistry in the Mg#-CaO wt% and Al 2 O 3 -CaO wt% diagrams (Fig. 7) . For example, a lherzolite such as that from Liguria (Ernst and Piccardo, 1979) , having a 12% modal clinopyroxene content, would represent the residue from <15% melting of a primary lherzolite, and a harzburgite such as that from the Papuan ultramafic belt (Jaques and Chappell, 1980) , with 0.8% modal clinopyroxene (mostly clinopyroxene-free), would represent the residue from >30% melting. On this basis, the degree of partial melting experienced by the harzburgites from the serpentinite diapirs has been estimated to be about 30% (Fig. 7) . Analogous systematic chemical variations also were observed among coexisting minerals in the peridotites (Ishiwatari, 1985) , as shown in Figure 13 Olivine and orthopyroxene have a restricted range of Mg# of about 0.92 ±0.01 (Fig. 10) , and the ranges of both A1 2 O 3 and CaO in the bulk rocks are also narrow (Fig. 7B) . On the other hand, a relatively large range of Mg# exists among bulk-rock analyses (Fig. 7A) . Moreover, the bulk-rock Mg# of the soft, serpentinized matrix, derived originally from the lithic clasts, is slightly higher than that of serpentinized lithic part in the Hole 784A (Fig. 7A ). These suggest that the initial bulk compositions of the harzburgites were not perfectly preserved during serpentinization, especially with respect to MgO and/or FeO contents. The high Fe 3+ /Fe 2+ values and very high loss on ignition (LOI) also reflect this extensive serpentinization (Fryer, Pearce, Stokking, et al., 1990) . We have thus assumed a certain degree of redistribution of some major elements during serpentinization. Ishiwatari's (1985) methods (Fig. 7) , however, may still be applicable for qualitatively estimating the degree of depletion of residual peridotite. Table 3 ).
Degree of Depletion of Forearc Peridotites
Chemical compositions of coexisting minerals of dredged samples from the Mariana Trench area (Bloomer and Hawkins, 1983) , including both the lower and the upper inner trench walls, are also plotted in Figure 13 . One can recognize, albeit on the basis of a small data set, that the compositional ranges of the minerals from the middle to lower trench wall are wider than those of peridotites from the serpentinite diapirs (i.e., this is consistent with the greater modal range of diopside in the former).
According to Bonatti and MichaeFs (1989) summaries of the petrological and mineralogical characteristics of mantle-derived spinel peridotites from various geological environments, which include the Mariana data of Bloomer and Hawkins (1983) , the degree of depletion of the peridotites increases from a pre-oceanic rift to passive margins to mature oceans to subduction-related active margins. Bonatti and Michael (1989) also emphasized that peridotites from subduction zones are more depleted than the most refractory oceanic peridotites. If this is the case, one can assume that the H-type as well as LH-type peridotites in the Izu-OgasawaraMariana trench were derived from the upper mantle wedge associated with island arc volcanism. Fryer and Fryer (1987) mentioned the origin of Conical and Pacman seamounts, and of the chain of small highs in the IzuOgasawara forearc (Fig. 3) , which includes Torishima Forearc Seamount. On the basis of morphological and unpublished petrological data for dredged samples, including serpentinized "cumulate" ultramafics from one of the highs on Myojin-Sho Forearc Seamount (MSFS in Fig. 3 ), Fryer and Fryer (1987) suggested that the above chain of forearc seamounts originated by in-situ expansion (by 30%) of forearc basic igneous materials as a result of hydration and metamorphism. Their model differs in part from the conclusion reached by the Leg 125 Shipboard Scientific Party (Fryer, Pearce, Stokking, et al., 1990) . As previously mentioned, refractory mantle peridotites also were recovered during Leg 125 from Torishima Forearc Seamount (Holes 783A and 784A), one of small highs in the Izu-Ogasawara forearc. Thus, the above-mentioned small highs in the Izu-Ogasawara can be inferred to have had a broadly similar origin to that of Conical Seamount in the Mariana forearc.
Origin of Forearc Seamounts
As shown in these studies, the forearc seamounts, at least those from which mantle peridotite were recovered, probably are caused by diapirically emplaced serpentinized ultramafics derived from the upper mantle wedge. Those ultramafics are primarily composed of depleted peridotites, or diopside-poor (0%-2%) harzburgite (= Htype peridotite) and dunite. By contrast, peridotites from the middle to lower slope of the Mariana Trench have more fertile peridotites, or lherzolite plus harzburgite (= LH-type) peridotite, and dunite. This contrast in the geographical distribution of these peridotite types requires an explanation. Both types of peridotites (H-and LH-types) may have been derived from the upper part of mantle wedge. In this case, mantle heterogeneity on a scale of 20 to 50 km (which is in the range of the basal diameters of the forearc seamounts) should exist in the upper mantle. If the upper part of the mantle wedge is usually composed of slightly fertile to depleted lherzolite, as assumed by many investigators (Tatsumi et al, 1983; Sakuyama and Nesbitt, 1986) , it would be very difficult to produce H-and/or LH-type peridotite bodies on the scale of 20 to 50 km by a single melting episode from the same source. Therefore, different petrogenetic processes may have to be considered for the production of the two types of forearc peridotites. The igneous history that produced H-type peridotites may have involved a higher degree of partial melting than that which produced the LH-type peridotites. Table 3 ).
One may easily assume that mantle diapirs have a higher degree of partial melting than that of the surrounding peridotite. Ishii et al. (1989b) discussed the possible relationship between serpentine diapirs and mantle diapirs in the forearc region. They proposed a petrogenetic model whereby "the serpentine diapir producing the forearc seamount is derived from a remnant mantle diapir by remobilization through serpentinization."
The following model for the origin of the proto-ophiolites is suggested ( Fig. 14) :
Stage 1. Generation of a mantle diapir. 1 a. Generation of a partially molten zone under hydrous conditions in the fertile to depleted lherzolite of the lower mantle wedge close to the trench in the supra-subduction zone environment (Ishii, 1985) .
lb. Generation of a mantle diapir from this zone and its ascent, leaving behind a physicochemically altered migration pathway (MPMD, or migration pathway of mantle diapir) in the mantle wedge.
lc. Termination of mantle diapirism at or near the Moho (deeper than 15 km [Maekawa et al., this volume] ) with a high degree of partial melting of the peridotite and the release of primary arc tholeiitic and/or boninitic magmas.
Id. Incipient arc magmatism (ca. 40 Ma, see Bloomer, 1983; Ishii, 1985; Mitchell et al., this volume) involving gabbro, dolerite, and basic lavas (Johnson et al., this volume) and leaving a remnant mantle diapir (RMD) comprising a refractory residue of depleted harzburgite (H-type peridotite).
Stage 2. Migration of forearc wedge (crust and mantle, including the RMD and its MPMD) toward the trench, caused by tectonic erosion (Bloomer, 1983) of the lower part of the wedge.
Stage 3. Generation of a serpentine diapir. 3 a. Water supply from the subducting slab near the trench to the RMD through its Stage lb MPMD.
3b. Serpentinization of the peridotite in the RMD, and its remobilization or ascent in an extensional environment (Nakamura, 1987) . This may be induced by density contrast, which traps the overlying metamorphosed crustal materials, stage Id magmatic products, and preexisting oceanic crust (Maekawa et al.; Johnson et al., both this volume) .
3c. Emplacement of the serpentine diapir as a seamount on the sea-floor near the trench inner wall (ca. 5-2 Ma, see Ishii, 1985) and its lateral migration to the present position. This is one possible model. Further case studies will enable this model to be fully tested.
PX-OL-778 PX-OL-779 PX-OL-780
Ca 50 (Bloomer and Hawkins, 1983 
Proto-ophiolite (5-2 Ma) Serpentine Diapir Figure 14 . Schematically shown petrogenetic model (Ishii et al, 1989b ) of the serpentine diapiric seamount. The remnant mantle diapir is assumed to be the source peridotite for the seΦentinite seamount in this model (for explanation, see text). .
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